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PREFACE

This report has been written as part of Analytical Assessments Cor-

poration's study of the management of the post-attack U.S. economy. Two

other reports have been written covering other aspects of AAC's research

on the management of the post-attack U.S. economy. They are:

A. Feinberg, "Civil Preparedness and Post-Attack U.S. Economic
Recovery: A State-of-the-Art Assessment and Selected Annotated
Bibliography," AAC-TR-9204/79, October 1979; and

G. Quester, "Options for Accelerating Economic Recovery After
Nuclear Attack," AAC-TR-9203/79, July 1979.

Feinberg's report contains an assessment of the state-of-the-art of

modeling and analysis for civil preparedness and management of the post-

attack U.S. economy. This evaluation was derived considerably from a large

volume of related literature. A selected, annotated bibliography of over

100 entries follows the state-of-the-art assessment.

Literature areas reviewed included historical disasters, industry

studies, post-attack viability, survival and economic recovery, and civil

defense, both U.S. and Soviet. Some literature on modeling methods was

researched. Modeling methods covered were input/output, econometrics,

optimization, and system dynamics.

Analysis of the literature and current state-of-the-art revealed

several key management aspects of he post-attack economy. These aspects

were resource allocation and distri ution,/energy, information, communi-

cation, command and control (C 3), finance, social and behavioral response,

and government authority. Most of these managerial aspects were found

to have been neither th ughly analyzed nor specifically modeled.

Assessing modeling needs, available modeling methods, and deficien-

cies in the state-of-the-art led to a recommendation for further develop-

ment of system dynamics models for management of U.S. post-attack economic

recovery. System dynamics is suggested because of its flexibility, poten-

tial scope and capabilities for handling non-linearities, dynamic effects,

and soft items such as social and behavioral responses.
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The results of Feinberg's review led to the development of a system

dynamics model of the management of the U.S. economy reported on in the

present report. The primary focus of this study is to determine if post-

attack viability (or collapse) is automatic for a given system, or if man-

agement actions can influence the outcome. In investigating this problem,

the approach focuses on exploring the structure of a post-attack system

for instabilities, identifying the processes that could lead to collapse,

and then evaluating if and how alternative post-attack management policies

can mitigate the effects of those instabilities.

At the conceptual level, the approach that is taken characterizes

a system's viability in terms of an inventories "race." Since the imme-

diate post-attack period would be marked by a reliance on stockpiles and

inventories to sustain the surviving population, the critical question is

whether inventories will be depleted before the economy can replenish sup-

plies by reorganizing initial production facilities. Additionally, the

study attempts to determine how various types of systemic instabilities

can affect this inventories race and how management actions can effectively

overcome any debilitating effects that these instabilities might have on

the ability of the nation to recover. These instabilities may appear due

to the delays and uncertainties affecting such basic economic support sys-

tems as communication and transportation networks, organizational struc-

tures and resource allocation mechanisms.

A system dynamics model is constructed of a post-attack economy to

study the management problems affecting these support systems in the imme-

diate post-attack period. Through repeated simulations, the model is able

to demonstrate the effects of potential instabilities on the performance

of the economy and how alternative management policies could mitigate those

effects. While the results should be qualified as being preliminary in

the sense that this effort is a first pass at the problem, there is suf-

ficient evidence that it would be profitable to proceed with a more ex-

tended analysis. The evidence suggests that the issue of viability is

greatly dependent on effective emergency preparedness policies and resource
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management actions. The simulation results from the model clearly indicate

that viability is not automatic even if adequate productive capacities sur-

vive; the same system can produce both viability and collapse depending on

the choice of policies and management strategies. If ineffective pre-attack

and post-attack policies are followed, the potential for debilitating in-

stabilities arising greatly increases and so, too, does the potential for

system collapse.

Quester's report is a companion piece to these two studies. It starts

with the conclusion of these two studies, as well as many other studies of

the post-attack recovery, that we are likely to fail to exploit to the full-

est our potential for economic recovery following a nuclear attack because

of failures in post-attack management in both the political and economic

sectors. It also presumes that large-scale changes in peacetime arrange-

ments will not win acceptance, so that the best hope for improvement is to

look for more marginal adjustments in our continually evolving peacetime

management systems, adjustments which might contribute substantially to

post-attack recovery at little peacetime cost.

In addition, Quester's report reviews general technological trends

in key areas with regard to whether they will tend to make the government

reorganization problems easier or harder. Inferences are drawn about rela-

tively inexpensive pre-attack actions, based on exploiting favorable tech-

nological trends, which could be taken to make the post-attack management

problems more tractable. The report is optimistic, in that it believes

that a number of such 'djustments deserves to be explored. The post-attack

considerations addressed include making government more effective in bring-

ing about economic recovery and, very importantly, making sure that govern-

ment continues as government, i.e., that we do not sink into anarchy.

This analysis in Quester's report is intended to put upon the table

a number of new ideas worthy of further consideration. It is not within

the scope of this analysis to evaluate these ideas. Consequently, it may

turn out that some of these ideas do not stand up to the scruntiny of fur-

ther exploration. Nevertheless, this report should serve the important

purpose of providing a rich menu of management policies which should be

evaluated further.
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I. OVERVIEW

Several studies have examined the problems of national recovery after

a nuclear attack. Overwhelmingly, these studies conclude that if the

nation remains viable, recovery is certain to follow. Viability, as the

term is used here, is essentially a race between the drawdown of inventory

and inventory replenishment in the post-attack period. If the rate of the

drawdorn of food, medicine, heating oil, and so on exceeds the rate of re-

plenishment over a sufficiently long time horizon, the post-attack economy

will collapse. However, if the drawdown rate is eventually balanced or

exceeded by the replenishment rate, the system is said to be viable and

recovery will follow.

What then influences viability? The answer is relatively simple:

Pre- and post-attack management and the inherent characteristics of the

social system being managed. Questions about viability can be reduced to

questions about how management and system characteristics singularly and

jointly affect viability. Implicit in this viewpoint is the assumption

that management, properly exercised, can mean the difference between system

viability and system collapse, for if a system's inherent characteristics

effectively guaranteed a priori either viability or collapse, regardless

of the management action taken, there would be little point in studying

pre- and post-attack management. If, on the other hand, viability or col-

lapse can be demonstrated to be a function of management actions coupled

with system characteristics, the case could be made for studying pre- and

post-attack management as a means of insuring viability. Viewed in this light,

the research question can now be stated: "Given some system, is viability

(or collapse) automatic for that system, or can management by its actions

influence the eventual outcome?"

This approach permits us to determine in a preliminary fashion if via-

bility is independent of management actions. If viability cannot be shown

to be influenced by management actions, there would be little need to focus

resources on further developments in this area. A system would simply be

viable or collapse regardless of what managers do. If, on the other hand,
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viability does depend on which set of management policies are actually in

effect at the time of and immediately following an attack, subsequent re-

search can then proceed to develop a better understanding of the impacts

of pre- and post-attack management to insure national viability.

The basic philosophy of this modeling effort is to construct a model

that represents a social system to determine if it contains fundamental

instabilities in terms of its inherent characteristics that lead to either

viability or collapse, and further, to see if management actions can be

introduced that influence these results. For this reason, we are not trying

to determine what is likely to happen. Rather, we are attempting simply to

discover if and where instabilities might occur and what effect management

actions might have on these instabilities.

The results of the research demonstrate that neither viability nor

collapse is inherently automatic in a system. When tested under conditions

of variable management parameters and policies, the same system produced

instabilities leading to either collapse or viability. Thus viability,

at least in terms of this model, is not certain but, rather, is directly a

function of management actions and interventions both before and immediately

after an attack. The remainder of this report discusses in detail the model

construction, the background conceptualization of the model, and the policies

and parameters that lead to both collapse and viability.



II. BACKGROUND

Several recent studies of the post-attack period underscore the

importance of understanding how resource management problems could affect
1

the economic recovery of the nation should a nuclear exchange occur.

Bolstered by findings from historical cases of post-war and disaster re-

covery efforts, these studies conclude that the most critical recovery pro-

blems do not involve either the production capabilities of a nation or the

availability of raw materials. Rather, the critical problems have concerned

management of the surviving resources.

In the situations examined, food and medical supplies, raw materials

and finished goods, machinery and equipment have been found to survive in

sufficient quantity to provide the economic capabilities for recovery, but

locating and matching the surviving resources to the points of need have

hampered the recovery operations. The most plausible explanation for this

concerns the extent to which economic recovery requires effective resource

management; and to be effective, management requires the support of communi-

cation and transportation networks, organizational structures, and resource

allocation mechanisms. Not unexpectedly, these supporting systems have not

been as efficient or as reliable as they are in a normally functioning

economy.

Such resource management problems would be more acute during the

period immediately following a nuclear exchange. Cognizant emergency pre-

paredness agencies would require accurate information as to what resources

are needed where, where those resources are located, and how those resources

can be allocated equitably and transported to the points of need. Again, to

iSee for example, C. R. Neu, Economic Models and Strategic Targeting (U),

The Rand Corporation, R-1864-ARPA, June 1976, SECRET; H. M. Berger, A Critical
Review of Studies of Survival and Recovery After a Large-Scale Nuclear Attack,
R&D Associates, RDA-TR-107006-009, December 1978; and A. Feinberg, Civil Pre-
paredness and Management of the Post-Attack Economy: A State-of-the-Art
Review, Analytical Assessments Corp., AAC-TR-9204/79, September 1979.

-3-



-4-

accomplish this would require efficiently functioning support systems. The

problem, however, is that the immediate post-attack period is likely to be

characterized by such problems as communication systems that provide incom-

plete and/or contradictory information, transportation systems that can not

function due to failures to match vehicles with drivers and fuel supply

points, and organizational structures with competing lines of authority that

create delays and confusion in resource allocation decisions. As summarized

by one writer, the major problems will be in developing the transportation,

communications, and organizational capabilities required to bring these
2

resources to bear at the points where they are needed.

Given these circumstances, it appears highly probable that at the point

when the nation is in greatest jeopardy, there is also the greatest potential

for instabilities arising that would lead to the collapse of the system.

Obviously, careful pre-attack planning of post-attack management policies

is needed to help mitigate the effects of these potential instabilities and

thus improve the nation's chance for timely recovery to its pre-attack

status as a major world power.

It is somewhat ironic that while effective resource management policies

are recognized as being critical for economic recovery, little attention has

been paid to the problem of properly measuring the impact of various post-

attack management policies on the performance of the economy. For example,

what effects do inventories of key supplies and equipment and their pre-

positioning have on the performance of the post-attack economy? what are the

critical delays that will degrade economic recovery? where are those delays

found in the communication and transportation networks? in the organizational

structures? what effects do alternative allocation mechanisms have on pro-

ductivity ?

2S. G. Winter, Jr., Economic Viability After Thermonuclear War: The

Limits of Feasible Production, The Rand Corporation, RM-3436-PR, September

1963.



A major reason for the inattention is that those studies that investi-

gate post-attack economic recovery typically assume that since sufficient

production capabilities and resources will exist after a nuclear exchange,

it is only a matter of time before the growth of the economy begins anew.

In other words, it is only a question of when. But, if it is possible to

show that with the same initial conditions after an attack, the economy of

the nation can remain viable or collapse depending on which post-attack

management policies (and in some cases, pre-attack policies) are selected,

the need for exploring the problem of economic viability would be undeniable.

The present study reports on research investigating this problem.

The central task was to explore the structure of the post-attack economic

system for instabilities, identify the processes that would lead to its

collapse, and then evaluate if and how alternative pre-attack preparations

and post-attack management policies could mitigate the effects of those

instabilities.

I
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III. APPROACH

The critical first step in any modeling effort is to develop a concep-

tual model of the "real" world system that is being studied. This conceptual

model then forms the basis for the simulation model that will be constructed.

Since there are many different ways to conceptualize any "real" system (dif-

ferent levels of aggregation, different structural components chosen for

particular emphasis, and so on), considerable thought should be given to the

question of what you want the model to be capable of demonstrating.

The present case is no different; several caveats have guided the selec-

tion of both the general modeling approach and the specific elements included

in the model. At the conceptual level, the most important initial considera-

tion has been our characterization of the system serving as the "real"

world referent: post-attack economic viability. We framed the model in terms

of an inventories "race." The analogy is useful in that immediately after

any nuclear exchange, there would be a period during which the surviving

population would be sustained by pre-atzack stockpiles and inventories.

Shortly thereafter, efforts would begin to reorganize the economy to start

up production of critical supplies and materials.

Winter, who first presented the conceptual notion of an inventories

race to depict the problem of post-attack viability, succinctly charac-

terized the challenge of post-attack management:

Unless production of the necessities of life
can be resumed, whatever success there has been

in protecting the population from the imme-
diate consequences of the war will dissipate
as supplies of food, medicines, and heating oil

disappear; the surviving thermal generating
plants exhaust their supplies of coal and fuel
oil, and starvation, disease, and exposure take

their toll. 1

1S. G. Winter, Jr., Economic Viability after Thermonuclear War: The

Limits of Feasible Production, p. 10, The Rand Corporation, RM-3436-PR,
September 1963.
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In other words, it is during this period that the race will be won or lost.

If the rate of drawdown on inventories exceeds the rate of replenishment

over a sufficiently long period, the scenario depicted by Winter would

emerge and the post-attack economy would collapse. If, however, the draw-

down rate is eventually balanced or exceeded by the replenishment rate, the

system would become viable and recovery would follow. Conceptualized in

this manner, the first requirement is to construct a model with the capa-

bility of testing for systemic instabilities likely to influence the out-

come of the race.

A second general requirement of the model concerns its ultimate use.

Although the general focus of the model concerns the instabilities affecting

the inventories race, the model must be capable of evaluating the effects

of alternative post-attack management policies on those instabilities identi-

fied in the system. Without this capability, it would be impossible to

answer the basic question of whether or not it is possible to demonstrate

how the same system can collapse or remain viable depending upon the

emergency preparedness policies adopted in the post-attack period.

The third requirement for the model is more specific. It concerns

the inputs and constraints that would operate in the model. Since it is

highly likely that post-attack demand would be radically different from

pre-attack demand, the model should not utilize pre-attack coefficients in

the equations depicting post-attack economic relationships. For example,

where productivity may be primarily a function of capital investment in the

pre-attack economy, productivity in the post-attack economy may depend

heavily on the availability of food and heating oil and only to a lesser

extent on the capital available. It is not likely that this relationship

between subsistence level and productivity would emerge in an econometric

model, for instance, where economic behavior is depicted by equations derived

from the modeler's understanding of a normally functioning economy.

A fourth, and related requirement for the model pertains to the nature

of the relationship between economic inputs and outputs. Characteristically,

input/output relationships are represented as being linear, a specified amount



9-

of input "x" results in a specified amount of output "y" with increments

of "x" resulting in linear increments of "y." In the post-attack economy,

the situation would be quite different due to the level of damage and destruc-

tion. For example, if a significant portion of an industry's capacity

has been destroyed, linear incremental inputs will not result in correspond-

ing linear increments of output. Thus, the model must be capable of operating

with non-linear production factors.

Delays will be inevitable in the post-attack economy. Thus, a fifth

requirement of the model is that it be capable of simulating the various

delays that would affect the start-up of production. Examples would be

delays affecting transportation, retraining labor, information flows, deci-

sion times, repair and replacement times, and the lead times affecting prod-

uction processes. These delays would not be uniform nor would they be iso-

1' lated in their effects. Two or more delays may create either synergistic

or unwelcomed higher order effects in the system. Since these delays and

their effects are an essential feature of the instabilities we are searching

for, their inclusion is critical to the overall effort.

A sixth requirement of the model is that it not operate under steady-

state or static conditions. The immediate post-attack period is indelibly

marked by dynamic time dependencies that cannot be ignored in evaluating

the viability race. These include resource allocation decisions, time

lags in production and distribution cycles as well as inventory depletion

and capital accumulation for investment. A model operating with steady-

state assumptions would miss several of the fundamental sources of insta-

bilities that could lead to the system's potential collapse.

Uncertainty is also a major factor to be considered in analyzing post-

attack viability. Uncertainties abound, particularly in the period immediately

following an attack when recovery operations are beginning and the information

critical to their success is at best incomplete and at worst unreliable.

Thus, a seventh requirement of the model is that it be capable of operating

with variable uncertainties about the delays that will affect recovery.
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An eighth consideration for the model is that it be able to optimize

management policies. Such optimizations may be applied either as a proce-

dure integrated into the model or as a "front-end" to a compatible simula-

tion model. Basically, what is required is that procedures be used to run

through the model's variables to determine the 'best' outcome.

A ninth requirement of the modeling approach is that it be able to

operate at different levels of aggregation. Structurally, the model will

consist of several sectors that represent various subsystems of the post-

attack economy. To minimize the amount of time required for detailed data

collection, the approach should follow a "top-down" procedure for construc-

ting the model. In this manner, the aggregate representations of the post-

attack economy would be used to capture its essential features during this

viability phase, and then those sectors which are the most likely to produce

potential instabilities would be expanded and further disaggregated to explore

those instabilities further.

A tenth and final requirement of the model also concerns the use of

"hard" data. Actually, data are less a requirement for a modeling capabil-

ity than a general strategy for approaching the modeling problem. Given the

approach noted above concerning the use of aggregate levels to represent

the model's subcomponents, it should be apparent that the modeling approach

we espouse is one in which patterns of outcomes cast in terms of rough

approximations are favored over precise point estimate results. For one

'hing, the data requirements for precision are enormous and even then point-

estimate precision remains elusive except for the most immediate temporal

points. Moreover, the modeler typically becomes rapidly bogged down in

Herculean data gathering efforts only to discover in the long run that those

data efforts were not required for each subcomponent at the level of detail

needed to investigate the phenomena of interest.

Also, since the primary research interest is in discovering whether

post-attack management could make the difference between viability or collapse,

the model only has to be able to produce both outcomes (viability and

collapse) through general policy and parameter adjustments. Extensive

resources would not have to be focused on precisely calibrating the model
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with detailed data sets. In effect, what this modeling strategy means is

that we have chosen to explore the general behavior of the system in an

attempt to identify the potential regions of instability, given the general

parameters and policies that may exist. While a more precise determination

of these parameters would be required for specific recommendations, the

general approach followed in the present effort is more than adequate to

answer the proposed research question.

Given the array of requirements and capabilities presented in the pre-

ceding discussion, the most appropriate modeling approach was found to be

system dynamics. System dynamics is essentially a simulation modeling para-

digm (that incidentally utilizes a specialized, tailor-made, and highly

efficient programming language, DYNAMO) that aids modelers in conceptual-

izing, formulating, and operating models of "real" world systems. System

dynamics was developed initially by Jay Forrester and his colleagues at

Massachusetts Institute of Technology to aid in understanding the dynamic

behavior of complex systems. Fundamentally, system dynamics views systems

as being comprised of components that are connected in circular, interlocking,

and time-delayed manners and that the structures and processes that com-

prise these systems are equally important as the behavior characteristics
2

of the system components themselves.

System dynamics has several recommending attributes. First, and per-

haps foremost, is the fact that this approach views systems as a series of

interlocking feedback loops and it is the feedback that produces the behavior

of the system over time. As stated earlier, system instabilities represent

the focus of the present research effort. It is therefore entirely appro-

priate that a technique be used that analyzes system behavior in terms of

positive and negative feedback loops since these two types of feedback loops

and their combinations can produce the instabilities of interest.

See Jay W. Forrester, Industria2 Dynamics, Cambridge: MIT Press,
1961; and Principles of Systems, Cambridge: Wright-Allen Press, 1968.
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A second recommending feature, related to its feedback loop aspect,

is that system dynamics has been demonstrated as an effective analytical

technique for evaluating the effects of alternative policies on system

behavior. Several notable studies have been conducted in such diverse

fields as urban and regional studies, industrial production and marketing,

criminal justice, energy policy, economics, and international systems. In

each case, the models developed to study these systems have examined the

systemic behavior under a variety of assumptions concerning policies that

may influence the ultimate fate of the system under question. Perhaps, the

report to the Club of Rome (The Limits to Growth) provides the strongest

evidence of the policy orientation of the system dynamics approach.

At a more specific level, system dynamics is useful because of its

versatility. For example, non-linear relationships are readily accommo-

dated. In fact, system dynamics can operate with many types of non-linear

relationships that help produce exponential, sigmoidal, or even oscillating

system behavior. Similarly, the technique focuses on both negative and

positive feedback loops and in the context of these loops, effects

produced by delay mechanisms can easily be examined. And finally, the

data requirements of system dynamics are such that highly aggregated repre-

sentations can be used to model any system initially. More importantly,

once the sensitivity of each structural component and its appropriate feed-

back loops are identified, those that are the most sensitive can easily be

disaggregated and more precise bounds can be determined. The modeler is

not required to disaggregate every structural component to provide a consis-

tent level of analysis.

In summary, given the requirements of the research task and charac-

teristics of the system dynamics approach, the application of this particular

dynamic simulation technique seemed an obvious way to proceed.
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IV. MODEL DESCRIPTION

Winter's early study of the limits of feasible production in a post-

attack economy is one of the earliest quantitative treatments of the problems

posed by limited resources and technological capabilities in the post-attack
1 [

period. While Winter did not address the organizational problems involved

in the post-attack economy (although he discusses them qualitatively in a

later paper), he did offer a definition of what constitutes viability and

presented a simple model of the technological requirements for achieving

economic viability. According to Winter:

An economy is viable if it is functioning
and capable of producing, without external

aid, an output sufficiently large and appro-

priate in composition to:

(a) provide its workers and their families
with a level of consumption high enough
to maintain their productivity and to

give them the incentive to continue
to contribute their services to the
economy in a socially productive way;

(b) meet any fixed claims on its output

that may exist;

(c) maintain the stock of real capital
(including inventories) required to

accomplish (a) and (b).
2

Using this definition, Winter goes on to note that since it is un-

likely that the economy would be capable of meeting these requirements

in the immediate post-attack period, the problem is to reorganize the sur-

viving resources to provide for a viable economy. Again, although Winter

disregards "effects of the war on social arrangements by which economic

activity is guided," Winter argues that explanations for non-viability

would be narrowed to the fact that critical segments of capital stock

1
S. G. Winter, Jr., Economic Viability after Thermonuclear War: The

Limits of Feasible Production, The Rand Corporation, RN-3436-PR, September

1963.

2Winter, 1963, p. 17.
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V

(including labor skills) would be lost. Thus, economic viability could be

achieved, from the technological perspective, if the remaining capital

stock (inventories and skills included) is both adequate in size and compo-

sition to:

(a) restore the capital stock to a level

and composition consistent with via-
bility;

(b) meet any fixed requirement that may
exist;

(c) support the members of the labor force

and their families at a level suffi-
ciently high to prevent a significant
reduction in the labor supply avail-
able for the reorganization effort.

3

The diagram in Figure 1 depicts graphically the essential elements

of Winter's model. Time is the critical element in the "inventories race"

of which there are two basic outcomes. Either the production capacity (Ko)
0

of the economy will be sufficient to achieve the viability threshold (K)

and meet the requirements noted above (represented by the solid line K )

or, that capacity will not be achieved, inventories (S ) will be depleted,
0

and the economy will collapse (represented by the dashed line).

Winter's framework for analysis is extremely useful in that it focuses

attention on and underscores the importance of understanding the fundamen-

tal problem in achieving viability: restoring productive capacity before

inventories are depleted. Although highly aggregated and admittedly pre-

liminary, Winter's approach and framework provide a useful point of depar-

ture for the present modeling efforts.

While Winter was interested in determining the technological constraints

on achieving economic viability, the present effort expanded the analytic

domain to include the organizational aspects that would affect the outcome

3
Winter, 1963, p. 18.
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FIGURE 1

SUCCESS AND FAILURE IN ACHIEVING VIABILITY

K,S

'Nl

Ko

so

K = Productive capacity cL

S = Inventory of food
L = Labor
K = Productive capacity required for viability
S - Food inventory at end of survival period

0
K - Productive capacity at end of survival period0

t - Time of depletion of food inventoryV

S /cL - Ratio of food stock to food requirements per period
0

From Winter, 1963, p. 22.
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of Winter's inventory "race." By expanding the analytic framework to include

these organizational aspects, many of the critical resource management pro-

blems could be examined. It was noted at the outset of this report that

historical case studies reveal how post-war economic recovery has been

hampered due to inefficient communication and transportation networks,

organizational structures, and resource allocation mechanisms--the basic

support systems for effective resource management.

The pilot model we developed for studying these resource management

problems in the immediate post-attack period focuses on these support sys-

tems since they represent the sources of instabilities that ultimately

determine the viability of the nation. The central question is what con-

ditions lead to these instabilities and how can alternative emergency

preparedness policies mitigate their effects?

To answer these questions, a system dynamics model was constructed of

a post-attack economy using Winter's model as a point of departure. The

behavior of this model reveals the sources of instabilities in the post-

attack economy and identifies their characteristic effects on the perfor-

mance of the economy. Through repeated simulations, insights are gained

as to how alternative emergency preparedness policies can mitigate the

effects of these instabilities and insure viability and the eventual re-

covery of the nation.

The model was developed in several stages with each stage representing

an enhancement and refinement over the previous stage. The current version,

PAN4 (Post-Attack Model No. 4), operates with four basic sectors that re-

present the structural components of the post-attack economic system. These

four are capital plant and equipment, intermediate products, labor, and food

supplies. The food supply sector is further disaggregated into production,

transportation, and distribution (called matched food supply) subcomponents.

These sectors and subseccors are interrelated through interlocking

feedback loops that depict the interaction of these sectors in terms of

information and material flows. Figure 2 presents this feedback toop struc-

ture. It is a causal loop diagram of the post-attack system that defines
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the basic causal relationships between the system variables. The causal

relationships cluster into the feedback loops structure shown in Figure 2.

Several feedback loops are presented in Figure 2. The arrows indicate

the direction of the causation between variables while the (+) and (-) signs

indicate the direction of causal influences. For example, the amount of the

matched food supply available per person affects the worker productivity in

the same direction, a positive manner in this example, i.e., the greater the

food supply per person the higher the worker productivity. Worker producti-

vity influences the food production rate which in turn affects the amount of

food in production that determines the size of the food supply. Depending

on the transportation delay, the food supply affects the matched food supply

that then determines the matched food supply per person; thus completing the

feedback loop.

Obviously other factors also operate in this feedback loop such as

the availability of workers and transportation and the effect of information

inputs to determine how much and what types of food need to be produced

and where it should be distributed. Appendix A contains a complete listing

of the model's equations which can be consulted to obtain a more complete

understanding of the system's structure and operating relationships.

Figures 3 through 6 display the causal loop relationships operating

in PAM4 (see Figure 2). Basically, each diagram depicts the interrelation-

ships between food shortage, worker productivity a..d demand, and inventory

drawdown and replacement rates in the respective sectors of the model. The

cross-hatches appearing on selected arrows indicate that a delay operates

between the two points. For example, retraining delays affect the reassign-

ment of workers from a general labor pool to individual sectors, transpor-

tation delays affect the distribution of food, and production delays reflect

the time required to grow food or produce intermediate products.
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FIGURE 3
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FIGURE 4
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FIGURE 5
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FIGURE 6
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V. MODEL PARAMETERS

PAM4 served as the basis for examining the potential instabilities

affecting post-attack economic viability. (Recall that the strategy was to

develop cases in which the same model structure would produce collapse or

viability as a function of the management policy variables selected to repre-

sent the model's operating parameters.) Since the current research interest

centered around discovering whether viability is in fact an issue in post-

attack management, the effort focused on whether or not the same model could

produce both outcomes--collapse and viability--by adjusting these policy

parameters rather than on trying to establish with any great accuracy the

specific parameters characterizing the existing system. The rationale

for this approach is simply that if viability cannot be shown to be a

potential problem, there is little need to focus extensive resources on

developing exact sets of numbers and policies for precise calibration of

the model. If, on the other hand, viability cannot be demonstrated as a

certainty, and it in fact depends on which sets of numbers and policies are

actually in effect at the time of an attack, subsequent research efforts

can then focus on improving the model's precision.

The search for instabilities focused on the key operating parameters

in PAM4. These parameters represent areas in which alternative management

policies can be implemented to influence and direct the system. They include:

" the effect of initial conditions on the model, i.e., the

amount of product on hand and in the pipeline for each

sector;

" the effect of food shortages on labor productivity;

" the effect of communication delays in ordering food

supplies for distribution;

" the effect of various combinations of external fixed

requirements that draw on each sector's inventories;

* the effect of rising expectations concerning food

supplies as time progresses inthe post-attack period;

- 23 -
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* the effect of labor allocation rules on overall econo-

mic performance; and

e the effect of time delays associated with locating and

retraining labor as workers are transferred between

sectors.

Each of these parameters has a range of values associated with it

that were used in repeated simulations of PAM4. Since each parameter con-

tains more than one value, the model could be tested under a variety of

conditions by varying any combination of parameter values. For example,

the tests for instabilities could be conducted under conditions of high or

low fixed external requirements, short or long communication and labor

allocation delays, high or low levels of stockpiles, and so on. The following

section presents the results of these simulation tests.

4



VI. RESULTS

The results of the simulation tests of PAM4 offer a number of useful

insights regarding the nature of the instabilities affecting post-attack

viability and lead to several 2onclusions concerning the effects alternative

post-attack management policies have on those instabilities. Thus, the

following discussion presents the results in terms of changes in the behavior

of the system brought about through changes in its operating parameters and

policies. In presenting these results, several choices exist for charac-

terizing the behavior of the modeled system. Another way to state this is

to say that various objective functions can be used to describe how the

system's behavior changes under alternative operating conditions. The level

of capital or intermediate product stocks, worker productivity, or food

supplies represent, singularly or in combination, potential objective func-

tions. In the present case, we have selected the amount of matched food

available per person (MFAPP) as the primary criterion for assessing the

system's performance. Since viability has been characterized as a 'race'

between inventory drawdown and replenishment and since food represents a

fundamental factor in worker survival and productivity, selecting this

variable as the objective function seemed an obvious choice.

Simulations of the PAM4 model were run over a 24-month period, a time

span that is generally regarded as the upper bound for the nation to regain

viability. Since PAM4 is intended as a viability model, it does not include

any capability for assessing economic damage in the trans-attack period.

In other words, the model's calculations assume that an attack is over and

that the initial conditions characterizing the system reflect the economic

damage that occurred.

The results of the simulation test runs are presented in a framework

similar to that used by Winter and presented previously in Figure 1. Like

Winter, the results presented here examine the behavior of the system over

time (the x-axis) but unlike Winter's conceptualization, our results employ

the variable MFAPP as a surrogate for the productive capacity (K) and inven-

tory of food (S). (Three times subsistence level is considered to be the

- 25 -
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normal level of food consumption, as indicated on the y-axis of the graphs

depicting the simulation results.) Similarly, where Winter denoted K as the

productive capacity necessary to achieve viability, we have selected a sub-

sistence level of matched food supplies (F s ) to represent the viability

threshold. Thus, in interpreting results, if the simulation tests reveal

the system to be operating below this subsistence level (F s ) for an exten-

sive period of time, the conclusion would be one that points to a pervasive

system instability rendering the economy non-viable given the operating

policies and parameters of that particular simulation test.

The results from the first set of simulation tests from PAM4 are

displayed in Figure 7. These curves depict system viability versus non-

viability as a function of the initial conditions of the nation's food

supply stockpile when a subsistence level food rationing policy has been

initiated immediately following a nuclear attack. The first curve (pre-

sented in Figure 7 on the left) represents initial conditions under which

the population has a matched food supply (on-hand) of one month at a (40

pound/month per capita) subsistence level, and another month of food supplies

inventories at remote production and distribution points. Clearly, the system

portrayed by PA4 and the pre-attack conditions (food stockpiles) and post-

attack management policies (subsistence level rationing) do not constitute

a viable system.

Figure 7 also displays the results of PAM4 simulations when food supply

inventories (not co-located with consumers) were set at six- and twelve-

month levels. Given an initial condition of a six-month stockpile, the

subsistence level is maintained for five months then drops below this level

for approximately four months. As seen in Figure 7, a turn-around occurs

at month 15 when the matched food supply begins to decrease, leading to

the eventual collapse of the system. When simulated using an initial condi-

tion of a 12-month food supply stockpile, this downturn does not occur.

The amount of food available per capita remains above the subsistence level

after the brief drop between the fifth and tenth month,

Figure 8 presents the results of a second series of simulations.

In these simulations, the same parameters and policies as those in Figure 7
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were used except that the initial amount of food available per person

(co-located with consumers) was set at twice the subsistence level. The

results for the three cases (1-, 6-, and 12-month stockpiles) examined pre-

viously reveal once again that viability conditions are met in only one

case--the 12-month food supply stockpile.

Figure 9 extends the analysis by presenting the simulation results

using initial conditions in which the matched food supply was set at three

times the subsistence level. Again, only the 12-month stockpile case met

the viability condition.

The results displayed in Figures 7 through 9 reflect post-attack manage-

ment policies and procedures that are operating under favorable conditions.

For example, the communication and transportation delays that affect manage-

ment activities have been set at one month in these simulations of PAM4.

In this sense, the system has been simulated using favorable conditions.

More realistically, however, the post-attack period will probably be charac-

terized by longer transportation and communication delays than have been

used in the example runs thus far.

Figures 10 through 12 present the results of PAM4 simulations when

longer transportation delays are introduced into the system. These simu-

lations were run using the assumptions of a 12-month food supply stockpile

and three different initial conditions regarding the availability of matched

food supplied (those supplies on hand that do not have to be transported

and distributed). Figure 10 is based on a matched food supply at subsistence

levels, Figure 11 at twice subsistence levels, and Figure 12 at three times

subsistence levels. The solid line reflects the undelayed system while the

dashed line portrays the effects of an initial three-month delay in trans-

porting and distributing the food supplies to the points of need.

As seen in these figures, the introduction of these transportation

delays significantly degrades the performance of the post-attack economy

as measured by the level of the matched food supply available per person.

Although the simulation results for each case show food availability, re-

turning above the threshold level, the nature of the recovery raises an

interesting question; namely, how long can food availability remain below

subsistence levels before the system collapses? In both Figures 10 and 11,
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food availability is below the viability threshold level for approximately

ten months while the results displayed in Figure 12 show food availability

below the threshold for five months. Should one assume imminent collapse

in all three cases even though the trajectories reveal eventual recovery?

Clearly, the results in Figure 12 are more encouraging in terms of the

survivability of the system. The critical point, however, is that the

transportation delay is an important source of instability that threatens

viability. Moreover, instability is subject to control through effective

management policies and actions but only if managers are aware of its poten-

tial effects. In this sense, the PAM4 simulations offer an important contri-

bution.

Transportation delays represent only one of the potential sources of

instability in the system. Communication delays and delays in retraining

and transferring workers between sectors are two additional delay factors

that could affect the performance of the economy. Moreover, the economy

would be burdened with fixed requirements to support military and official

recovery operations. Again, the simulation results for PAM4 presented thus

far have not incorporated these factors as operating assumptions.

Figure 13 displays the results of a PAM4 simulation where these assump-

tions have been adopted. This simulation is based on the following initial

conditions: a three-month matched food supply, a 12-month food supply

inventory (not co-located with consumers), longer transportation and communi-

cation delays, increased worker retraining and allocation delays, and higher

fixed requirements on the economy. The solid curve depicts the economy's

performance with only the longer transportation delay assumed (from Figure 12).

The dashed curve displays the effects of the changes in the assumed initial

conditions. It is particularly interesting to note the downturn that occurs

later in the simulation period. Not only is the economy's performance de-

graded initially, the recovery seen in other simulations is never fully

achieved. Again, the importance of effective management policies to miti-

gate the effects of these delays is apparent.
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VII. CONCLUSIONS

We noted at the outset of this study that our primary objective was

to determine if post-attack viability (or collapse) is automatic for a given

system, or if management actions could influence the outcome. In investi-

gating this problem our approach focused on exploring the structure of a

post-attack system for instabilities, identifying the processes that could

lead to collapse, and then evaluating if and how alternative post-attack

management policies could mitigate the effects of those instabilities.

At the conceptual level, our approach was to characterize a system's

post-attack viability in terms of an inventories "race." Since the immmediate

post-attack period would be marked by a reliance on stockpiles and inven-

tories to sustain the surviving population, the critical question was whether

inventories would be depleted before the economy could replenish supplies

by reorganizing initial production facilities. Moreover, we wanted to deter-

mine how various types of systemic instabilities would affect this inventories

race and how management actions could effectively overcome any debilitating

effects that these instabilities might have on the ability of the nation

to recover. These instabilities may appear due to the delays and uncertainties

affecting such basic economic support systems as communication and transpor-

tation networks, organizational structures and resource allocation mechanisms.

A system dynamics model was constructed of a post-attack economy to

study the management problems affecting these support systems in the imme-

diate post-attack period. Through repeated simulations, the model was able

to demonstrate the effects of potential instabilities on the performance of the

economy and how alternative management policies could mitigate those effects.

While the results should be qualified as being preliminary in the sense that

this effort is a first pass at the problem, there is sufficient evidence

to proceed with a more extended analysis The evidence suggests that the issue

of viability is greatly dependent on effective emergency preparedness policies

and resource management actions. The simulation results from the PAM4 model

clearly indicate that viability is not automatic even if adequate productive

- 37-
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productive capacities survive; the same system can produce both viability

and collapse depending on the choice of policies and management strategies.

If ineffective pre-attack and post-attack policies are followed, the poten-

tial for debilitating instabilities arising greatly increases and so, too,

does the potential for system collapse.

4
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I FCkl -- IN'TERME.DIATE FRODUCTS CONSUMPTION RATE
IF - INTERMEDAIE FPRODUCTS (FUEL. "RUCkS,

T RA CTORS? ETC.)
I PF FCR FIXEi R- (L1]F:1IEMiENTS CONSUMFTI ON (OUT

iI F1 'MENI ) R AI"E
1I I IL I I A ChI R I-S ( 0CIL 0G ) F OR I NTERM EI) IATE

F FUII~kCT S

. ' P, I: X- F i 1 -.-' T',. P? -! F:EPU .1 REE:.N1 0RIE RS L.E k' I ' N
IF' I- oi UCT I.; I F' I E. S

.1 N I r',i' III[(TE F'O}qII.CTS REF'LENISI-IMENi
F'I:011LIC ION) RATE

F - I NTErIEiIl l :ATtF. F'RIIICT S IN THE FROIiUCT I ON
F tIE. INE NU01 YEt RECE I VI,

-'rI I . hI" II1 *T JION Ill L.(Y F C'R iN TI EJ ME] (I F F DODLIC 1S

I i'Id .' w~U';I S 5.:1 C

I 'rl1 - [PI.R ItJC 1 J ON I.LL..(Y FOR INT ERME II AI F PRODUC IS
I 0[LY - hI MIN.I MLIM IF F 'R 11LIC"T I .N liE. I AY 1l1 10

FUF-IFI. Y IH ]C ]iL L IMI I
I J M . - Ili [' III. h 1 l ', 6t1N ' !' h( , It I ]C I I lI[ I C ! J- . ( I I ! .C,

O F (, I l , I' 1 -110

I 'flr T(.'iHI (CF' MT I . 1. ,'Fi ) 6v I

.I'1i41 i tI ^.1,, .IN I" I l.'1',I'li T I(N lit I ( rIL i ,I i.
0l (61 1 1 A iI'l,

I' D r. T T A ' 6 1, 1 1 , 1 1 1 TI I, I II' . I i I , , ,, t,
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IF- 1::;:[ PD. J+ (.T) ( I PORR, JK+ I F .F JK- IF FiC I,,,. JK- 7,L
I FPCI-,. JK. )

1Fw''"- IPK[ .1.

IT' 10=1OCO UNITS 7.2, C
IRE - THE BACKORDERS (BACKLOG) FOR INTERMEDIATE

PRODUCTS
IPORR - THE ORDER RECEIVING RAlE FOR INTERMEDIATE

PRODUCTS (DEMAND)
I F R0R - FIXED EXTERNAL RE(UIREMENT ORDERS LEVIED ON

IF' PRODUCT SUPPLIES
I PFRCR -FIXED REQUIREMENTS CONSUMPTION (OUT

SHIPMENT) RATE
IFCR -- INTERMEDIATE PRODUCTS CONSUMPTION RATE
I FBI - NUMBER OF IF' BACKORDERS INITIALLY

I PFRUR ° II...FFN 1. F* I P. K 8, R
FRIP=,10 PERCENT 8,1, C

IF'FROR - FIXED EXTERNAL REQUIREMENT ORDERS LEVIED ON
IF, PRODUCT SUPPLIES

FRIP - PERCEN] OF IF SUPPLIES THAT ARE
REQUISITIONED FROM OUTSIDE

IF - INTERMEDIATE PRODUCTS (FUEL, TRUCKS,
TRACTORS, ETC.)

IPORR KL..=IPCINF , K+IF'CINT. K 9, R
1PORR - THE ORDER RECEIVING RATE FOR INTERMEDIATE

PRODUCTS (DEMAND)
IF'CINF - INTERMEDIATE PRODUCTS CONSUMED IN FOOD

PRODUCTION
]PCINT - INTERMEDIATE PRODUCTS CONSUMED IN FOOD

TRANS PO R1PT AT1 ON

NEI.1 w s KMAX 0,1 PB, K-IF, K i0, A

NETII'S -- THE NET IP SUPPLIES ON HAND ( A!CKOr'DE,'S
COMPARED WITH SUPPLY)

I PFl - THE BACKORDERS (BACKLOG) FOR INTERMEDIATE
PRODUCTS 

(F EFI.F' - INTERMEDIATE PRODUC]S (FUEL P LW KS

TRAC] ORS, ETC.)

I :. K = IP. J4 (DI) ( IPOR. JK- IFR. JK) 11, L
IPP.IPPI 11.1, N
iLFP]=800 UNITS 1] .2, C

I PF' P . INTERMEDIATE PRODUCTS IN THE PROMD CI iON
PIP[ELINE NOT YET RECE] VEI

I FOR - RATE AT WHICH INILRMEDIA'IE PF':I'UC'S I ARE.
ORDERED INTO FPRDUCTION

1 'PRR .I N IEF. PM E I A 1E PR 01 L U C TS k FP E N 15 H . 'T
(F'ROIIJC1 ON) RATE
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DI F'P * K:= ( MAK (0, NET I P S K-I PP , K) )*CL200) 12, A

C20C, 1 0 12.1, C
1!PP i I -- IDES PE, INTERMEDIATE PFRODUCTION F:TE (MET

SUPPLIES - FIPELINE)
NEl. IF'S - TlE NET IP SUPPLIES ON HAND ( BACKORDERS

COMPARED WITH SUPPLY)
IPP - INTE:iEDIATE PRODUCTS IN THE F'RODLCTI ON

PIPELINE NOT YET RECEIVED
C200 - PERCENT OF- IF' SUPPLY DISCREPANCY BETWEEN

ORDERED AND DESIRED

I. PWD. D PF', K/I FPPPW .1;: 13: A
IPWD - DEMAND FOR IF' PRODUCTION WORKERS
DIPP - DESIRED INTERMEDIATE PRODUCTION RATE (NET

SUPPLIES - PIPELINE)
IPPPW - PRODUCTIVITY PER INTERMEDIATE PRODUCTS

W 0 Rl R*E

I PPPW. K=. 'PWN* PPM, K 14, A
IPPPW - PRODUCTIVITY PER INTERMEDIATE PRODUCTS

W40 RP R
IPPWN - NORMAL PRODUCTIVITY PER IP WORKER
IPPM - IF WORKER PRODUCTIVITY MULTIPLIER (HEALTH

AND FOOD SHORTAGES)

IPPM, K=TABHL ( IPPMT, FSHORT. K, 0, 1 , 2) 15, A
I::F:iT::::1. 9/ 6/. 4/, 2/0 15.1, T
I J"PPWN1=47- 15.2p C

.PPM - IF' WORKER PRODUCTIVITY MULTIPLIER (HEALTH
AND FOO: SHORTAGES)

I PPMT - TABLE FOR IF' WORKER PRODUCTIVITY VALUES
.I PPWN - NORMAL PRODUCTIVITY PER IP WORKER

:F:'4 o K= i.F'W J4 (DTI) (: P INP JR-IPWOU T JK) 16, .
' I F 'W 1 16. 1. N
.FWI P I. 1000 WORKERS A.C. r"

i: W - THL INIERMEDIATE PRODUCTS WORKERS
IPWINR - RATE OF WORKERS ENTERING IP SECTOR
:[ PWOUT - RATE AT WHICH WORKERS LEAVE I P SET C)TOR
IPWI - NUMBER OF IP WORKERS IN SYSTEM INII.IALLY

1 POR: * KL--M]IN (DIiPP ° K<, IF'WW. K* IPPF'W . K ) 17~', K
11 OR - RATE AT WHICH I NTERME DI ATE PRODIIUCIS ARE

ORDERED INTO PRODUCTON
D - rESIREri INTERMED]AIE PRODLICTION RAIE (NET

SUPPLI-ES - P:IPELINE)
11W - TIHE IN'TERMLEi ]ATE F['PRODUCIS WORKEkS
.1'P .- P'RO UC .VI Y PER INIERMEIA F7FLkOID.UICIS

WORJi~K ER

1I'WINK.I.L.: CWL F' ( IPWINA. K, 0, D] SIF'W, K, ) F, FP
]f-'WL1 1 -- RATE OF WORKERS ENTERING IF' SECIOR
I F'W 1 C CA(LCUL ATION FOR WOPFERS F: NTE N(, IF C .1 ,t1
11 ].";F'W b ]i SCREFANCY PE.E W E N 11iT:: I' (NI' 1 ( ItAL

NIIMPI-l OF 1 P IF' P I rF F,',
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1. PW N A-I 0, WF r. 1 1F I-IW I I, IP W1F ) 19, A
.FFWDF= .? 19.1, C

IFW INA -- CALCULATION FOR WORKERS ENTERING IF' SECTOR
WP - POOL OF WORKERS IN THE SYSTEM NOT EMPLOYED

F'PI:IPW -- PERCENT OF IF' WORKERS DESIRET
IPWD - DELAY FACTOR F'OR TRANSFERRING WORKERS TO IF'

S F CT OR

11 SFW . K=ID 1. PW . I F'W- P4. K 20, A
DI.'SIPW -- DISCREPANCY BETWEEN DESIRED AND ACTUAL

NUMBER OF IF' WORKERS
IF'W - DESIREri NUMBER OF IF' WORKERS

IFW -F THE INTERMEDIATE PRODUCTS WORKERS

_lIF'Wo K=:']IIPWI K*WA, K 21, A
1I'PW - DESIRED NUMBER OF IF' WORKERS
FDIPW "- I::.ERCENT OF IF' WORKERS DESIRED
WA - TOTAL NUMBER OF WORKERS AVAILABLE IN THE

SYSTEM

FPtIFW.K=IFWl *oK/(IFWliK+CWD.K+FTWD oK+FSWDirK) 22, A
PDI PW - PERCENT OF IF' WORKERS DESIRED
IPWD - DEMAND FOR IF' PRODUCTION WORKERS
CWD - DEMAND FOR CAPITAL WORKERS
FTWD - DEMAND FOR FOOD TRANSPORTATION WORKERS
FSWI - I)EMAND FOR FOOD SUPPLY WORKERS

WA, I" IF'W * K4.C 1.1K+I/'TW, K'+FSW. K+WF * K 23? A
WA - TOTAL NUMBER OF WORKERS AVAILABLE IN THE

SYSTEM
IF'W - THIE INTERMEDIATE FRODUCTS WORKERS
C .- 'THE CAPITAL SECTOR WORKERS
FTW THE FOOD TRANSPORT WORKERS
FSW - THE FOOD) SUPF'LY WORKERS
WF - F'OOL OF WORKERS IN THE SYSTEM NOT EMPLOYEI)

IF'WO KLIT. L.=CL.IF'(0 IF'WOUA.IK,TISIF'W.K,O) 24, R
IPWOUT -IRATE AT WHICH WORKERS LEAVE IF' SECTOR
IPWOUA - CAI-CULATION FOR WORKERS LEAVING IF' SECTOR
DISIFW - DISCREPANCY BETWEEN DESIRED AND ACTUAL

NUMBER OF IF' WORKERS

F'WOUA* K .... IJSIPW, K*IFPWDF 25, A
IFWOIUA - CALCULATION FOR WORKERS LEAVING IF' SECTOR
L'ISIF'W "D DISCREPANCY BETWEEN IDESIF.E AND ACTUAL.

NUMBER OF IF' WORKERS
IPF'WDF - DELAY FAC'TOR F[(OR TRANSFERRING WOfRI:IPS TO IF'

SECTOR
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C(FPI'Tf-L. SECTOR (PLANT AND EQUIPMENT)

C I\ C J + (DT) (CCRIo. JIK-COR .Jk-CFR. J) 26, L

C=C I 26v1, N

CI=200 UNITS 26.2, C

C - CAF'ITAL (PLANT AND EQUIPMENT)
CCRD - RATE OF CAPITAL CON$TRUCTION (DELAYED ) D

COR - RATE AT WHICH CAPITAL BECOMES O.SOLESCENT i

CFR - FIXED REQUIREMENIS CONSUMPlION (OUT
SHIPMENT) RATE

CI - NUMBER OF CAPITAL UNITS IN THE SYSTEM

INITIALLY

CFR.KL=MAX(OMIN(C.K,CFIX))*SWITCH.K 27, R

CFIX=20 UNITS 27.1, C

CFR - FIXED REQUIREMENTS CONSUMPTION (OUT

SHIPMENT) RATE

C - CAPITAL (PLANT AND EQUIPMENT)
CFIX - AMOUNT OF CAPITAL REQUISITIONED FROM

OUTSI DE

SWITCH - TIME DELAY AFFECTING FIXED REQUIREMENTS FOR
CAPITAL

CIP.K=:=IF.J+(DT)(CCR.JK-CCRD.JK) 28, L

CI F-=C IF I 28.1, N

CIF'I= .28,2, C

CIP - AMOUNT OF CAPITAL IN CONSTRUCTION
CCR - CAPITAL CONSTRUCTION RATE

CCRD -- RATE OF CAPITAL CONSTRUCTION (DELAYED)

CI' I - AMOUNT OF CAPITAL CONSTRUCTION IN THE
SYSTEM INITIALLY

EFFCA F. K=C IN+C IF'. K 29, A

EFF CAP - EFFECTIVE AMOUNT OF CAPITAL (PIFEELINE +
ACTUAL)

C - CAPITAL (FLANT AND EQUIPMENT)
CIF' - AMOUNT OF CAPITAL IN CONSTRUCTION

SW TCH, I; EP ( 1., TIM ) 30, A

"fIM 10(O 30., C

SWITCH - TIME DELAY AFFECTING FIXED REQUIRE*MENTS FOR
CAFI TAL

T.M - TIME WHEN FIXED REQUIREMENTS FOR CAPITAL
ENTER SYSTEM

C OF* . L :C OR F * C.K 31, R

CLIF=.06 P'FCENT 31.1, C

cOR - RATE AT WHLCH CAP'11AL BECOMES OSOI-ESCENT
CORF - FERCENT CAFITAL OEUSOL.ESCE'NI FACIOR
C - CAPITAL (PFIANl AND EQtlIPFMENT)
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C C F: i. K LC P. K CCR : *D F 32, R
C.F:IF::6 MONIHS 32.1, C

CCRD - RATE OF CAPITAL CONSTRUCTION (DELAYED)
CIP - AMOUNT OF CAPITAL IN CONSTRUCTION
CCRDF - IiELAY FACTOR IN CAPITAL CONSTRUJCTION RATE

CC R KL = MI r (D CC. K CW . K* FR OD C. K) 33, R
CCR - CAiPITAL CONSTRUCTION RATE
DCC - DESIRED RATE F-OR CAPITAL CONSTRUCTION
CW -- THE CAFIT AL SECTOR WORKERS
PROlDC - PRODUCI 1VITY OF CAPITAL WORKERS

DCC K=MAX (0 ,CD .K) 34, A
DCC - DESIRED RATE FOR CAPITAL CONSTRUCTION
CD - DISCREPANCY IN CAPITAL PLANT AND EQUIPMENT

(DESIRED - EFFECTIVE)

CD . K= (DC. K--EFFCAP. K) *POL ICY 35, A
CD - DISCREPANCY IN CAPITAL PLANT AND EQUIPMENT

(DESIRED - EFFECTIVE)

EFFCAP - EFFECTIVE AMOUNT OF CAPITAL (PIPELINE +
ACTUAL)

POLICY - PRODUCTION LEVEL DESIRED BY POLICYMAKER

DC. K=IPFOR. *JK*CRPUIP 36, A

CF;'PU I P= 1 36.1, C

FOL ICY=:: 1,0 36.2, C
IPOR - RATE AT WHICH INTERMEDIATE PRODUCTS ARE.-

ORDERED INTO PROIUCTION
CRPUIP - CAPITAL TO INTERMEDIATE F:RO[DUCT PRODUCTION

RATIO REQUIREI
SPOL. CY - PRODUCTION LEVEL DESIRED BY POLICYMAKER

P'POL D C .1 C I[,PW N* LW PM . KN 37Y A
LLFCC'N' = CWW. PR'ODUCTIV I ITY 37.1y C

FRODiC - PRODUCTIVITY OF CAPITAL WORKERS
CCPWN - NORMAL PRODUCTIVTY FACTOR
CWPM - CAPITAL WORKER PRODUCTIVITY MULTIPLIER

(HEALTIH AND FO. SHCRTAGES)

CWPM. 1 =TAHD-I... ( CWPMT FSH1ORT. K, (, 1v ° 2) 38, A
CWPT=/9/ 6/ 4/ 2/0 38.1, T

CWFM -- CAPITAL WORKER PRODUCTIVITY MULTIPLIER
(HEALTH AND FOOD SHORTAGES)

CWPMT - TABLE FOR CAPITAL WORKER PRODUCTIVITY
VAL L U ES

C. W . K::CW . A (DT) (C W I NR , JK-CWOD UIR J ) 39t L.
W I:. C L I 3Q. I, N

(W'I:1000 OF 39,2, C
CW - THE CAPITAL SECTOR WORKERS
CW ..k RArE OF WORI\ERS E: NTER IN [G CAF' IAl. SCL C 1R
CWOUlR - KATE AT WH I CH WORKF*RS LEAVE CAF]T(d SECTOR
71,1 -- NUMBER OF LORKF.RS It CAF (4 16.. S[CT (ii

TWIT 'IeI I V
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CWIi!:,L=CLIP(CWINA. K, O,.DISCCW.K,O) 40, R
CWI\'R - 1%AIE OF WORKE:RS ENTERING CAPITAL SE C10:R
CWINA - CALCULATION FOR WORKERS ENIERING CAPITAL

SECTOR
IIiSCCW -- ISCREFANCY BETWEEN DESIREDi AND ACTUAL

NUMDER OF CAF'ITAL WORKEF S

NK::MAX ( 0, LW' *K*F'DCW . K*CWDF) 41, A
CWl F- , 8 41.,1s C

CWINA - LALCULATION FOR WORKERS ENTERING CAPITAL
SECTOR

WF - FOOL OF WORKERS IN THE SYSTEM NOT EMPLOYED
P'CW - FERCENT OF CAPITAL WORI<ERS DESIRED
CWDF - DELAY FACTOR FOR TRANSFERRING WORKERS TO

CAPITAL SECTOR

DISCCWK=DCW.K-CW°K 42,4 A
LISCCW - DISCREFANCY BETWEEN DESIRErD AND ACTUAL

NUMBER OF' CAPITAL WORKERS
DCW - DESIRED NUMBER OF CAPITAL WORKERS
CW - THE CAPITAL SECTOR WORKERS

DC'W. K=Fr'CW, K*WA. K 43, A
DCW -- DESIRED NUMBER OF CAPITAL WORKERS
F'ItCW - PERCENT OF CAPITAL WORKERS DESIRED
WA - TOTAL NUMBER OF' WORKERS AVAILABLE IN THE

SYSTEM

r'tDW. K=CWr. K/ ( IF WD. K+CWD. K+FTWDr. K+FSWI. K) 44, A
F;'CW - PERCENT OF CAPITAL WORKIERS DESIREID
CWD - DEMAND FOR CAPITAL WORKERS
IF'WD1 - DEMAND FOR IF, FRODUCTION WORKERS
FTWD - DEMAND FOR FOOD TRANSPORTATION WORIKEF%:S
FSWD - DErIANND F(3F FOOD SUFPLY WORKERS

C W(.U) rkT R, L..--:: CL1F:' ( 0, CW 0 LI'.K ,I.1SCCW.K O) 45, R
CWOUIR - RATE AT WHICH WORKERS LEAVE CAPITAL SECTOR
CWOUT - CALCULATION FOR WORKERS LEAVING CAPITAL

SECTOR
DISCCW - DISCREFANCY BETWEEN DESIrED AND ACTUAL

NUMBER OF CAPITAL WORKERS

CWOUi . I:=-rISCCW.I *CWI- 46, A
CWOUT - CALCULATION FOR WORKERS LEAVING CAFIAI

SECTOR
riISCCW - DISCREPANCY BETWEEN DESIRErD AND ACTUAL

NUMBER OF CAPITAL WORKERS
CWDF7 - DELAY FACT OR FOR TRANSFE:RR] NG WORKERS TO

CAPITAL SE'TOR

CW! * K::::IDC.C K,/'RODC, K 47, A
C WD - DEMANri FOR CAPITAl_ WORKERS
i1C.; - ES I RE RATE FOR CAP]TAL [:UN ..Rf:LI( ]N

rPrTr : - Irr'lTICT UTVTlY (F CAP ITAI l, Il r R E
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FOOD SUFFLY SEClOR

FS, K=FS. J+ (i' ) (ERR . J\-FFRSR J-F SR. JJR ) 4Ss R L..
FS-.FSI 48.1, N
FSI:=44 0E3 48 .2 ,p C

FS FOOD SUPPLY AT THE PRODUCTION SITES
FRR - RATE AT WHICH FOOD IS RECEIVED FROM

FRODUCTION SOURCES
FFRSR -RATE AT WHICH FOOD IS SHIFFED TO MEET FIXED

R1""0U I REM E NT S
FSR - RATE AT WHICH FOOD IS SHIPPED
V-SI - AMOUNT OF FOOD SUFPLY AT FRODJCTION SITES

INITIALLY

F-FRSR. KL=MIN(FFROR. JKFS.K) 49, R
FFRSR - RATE AT WHICH FOOD IS SHIPPED TO MEET FIXED

REQUIREMENTS
FFROR - RATE OF FOOD SUFFLY REQUISITIONED FROM

OUTS I DE
1.7 S - FOOD SUPELY AT THE PRODUCTION SITES

FFROR. °IL=FSFIX 50, R
FSFIX=44E3 LBS 50.1, C

FFRO0R - RATE OF FOOD SUFFLY REOUISITIONED FROM
OUTSIDE

FSFIX - AMOUNT OF FOOD SUPPLY REQUISITIONED FROM

OUTSIDE

l FRR, IL=F'OO [F' .K/FFD., IK 51 , R
FRR - RATE AT WHICH FOOD IS RECEIVED FROM

FRODUCTION SOURCES
FOOD IF - FOOD IN rROLUCTION AT THE FOOD SUPPLY SI1ES
F F:.'I - TOTAL DELAY FOR F-OOD FRODUCTION

V PD1' * F.::FD I + FF*'P 1 K 52,' A
Fl '-3 MC0NTH 2 .T C

FF't - TOTAL. DELAY FOR FOOD PRODUCTION
F' - DELAY IN F'RODUCING FOOD
IF'F'1 - THE DELAYS IN FOODl PRODUCTION DUE T0 IF

SUF'FL I ES

I P FPI,' . t-CL.I F' ( 0 , 4, 1P . K - I P' , K, 0) 53, A
11:171.1 - THE DELAYS IN FOOD FRODUCTION DUE 10 IF,

SUPPLIES
IF - INTERMEDIATE F'RODIUCTS (FUEL , TRUCKS,

TRACTORS, ETC.)
I IF -- THE BACKORDERS (PACKL0G) FOR TNTETRMEI', AlE

PRODUCTS

F S P. f,. MI ( DV S R, K v FSXPW. K *Fl W . K ) 4. P
F SF, - PA E AT WH I F D00 I S S' I 'F'E I
DFSR - riESIRE!' RATE OF FOOD' SFIF'M[E l
F SXFW -- AMOLINT OF FOOD TR',ANSFOF: E i Fl I.* [ 1F0I:I K
FT - T HE FOCOD TRPNSI'.-:T L4F:I,EFPS
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iF S1* K=MX (0,MI. N( FSB. --FFF"OR, JK FS K-FFRSR, J ') ) A
DFSR -- DESIRED RATE OF FOOD SHIPMENT
F-S: -:ACKOFDERS FOR FOOD AT THE FOOD SUPPLY

SITES
FFROR - RATE OF FOOD SUPPLY REQUISITIONED FROM

OUT S I LIE
FS - FOOD SUPPLY AT THE F'RODUCTION SITES
FFRSF -' RATE AT WHICH FOOD IS SHIF:PED 10 MEET FIXED

RE U IRE MEN T IS

FSXPW .K=FSXPW N*FSXF' M.N 56, A p
FSX:'WN= 1220 LBS 56.1, C

FSXPW -- AMOUNT OF FOOD TRANSPORTED PER WORKER
FSXF'WN - AMOUNT OF FOOD TRANSPORTED PER WORKER

(NORMALLY)
FSXPM - FOOD TRANSFORTATION MULTIPLIER (HEALTH &

FOOD SHORTAGES)

F'SXF'M. K=TABIL (FSXF:'MT , FSHORT. K, 0,1, 2) 57, A
FSXPMT=i/.9/.6/.4/.2/0 57.1, T

FSXFM - FOOD TRANSPORTATION MULTIPLIER (HEALTH &
FOOD SHORTAGES)

FSXPMT - TABLE FOR FOOD TRANSPORTATION MULTIPLIER
VALUES

F'TW K=F:'TW.J+(IT)(FTWINRJK-FTWOUT.JK) 58, L

FPl, -FrWI S-.Ir N

FTWI=1000 F-OOD 58.2, C
FTIW - THE FOOD TRANSPORT WORKERS
FTWINR - RATE OF7 WORKERS ENTERING FOOD

TRANSPORTAII ON SECTOR
F TWOUT - RATE AT WHICH WORKERS LEAVE FOOD1

TRANSPORTATION SECTOR
FTWI - Nl.JMBE:R OF WORKERS IN FOOD TRANSPOR' AlION

INITIALLY

F f NR . L-CL]' (FTWINAK, , DISFTW., ,) 59, R
"...WINR - RATE OF' WORKERS ENTERING FOOD

TRANSPORiATION SECTOR
FTWIN - CAL.CULATION FOR WOR KERS ENTERING F-OCD

TRANSPORTATiON SECTOR
DISFIW - D SCREPANCY BEIWEEN DESIRED & ACTUAL FOOD

TRANSPORTATION WORKERS

ITWI! NA , K=MAX (0, WF * I ,1F'IFTW. K*FTWIF ) 60, A
F) IW!'1 n. 8 60.1' C

F'WINA - CALCULATION FOR WORKERS ENTERING FOOD -

TF:ANSPORTAI].ON SECTOR
WI< - F'OOL OF" WORkERS IN IHE SYSTEM NOT EhFLOYLI'
fwI .-! DELAY FACT OR TO TRANSF ER WORKE RS Il F ODD

TRANSF' R' AT] N SIC FTOR
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I[](dF rTWK:LIFFTWI<-FTW4.K C: .1, (

liIC! ;L, - IISCFRE:Fj'iCY BETWEEN DESIRED & r.AC'TUAL.. F0011
TRANSF'ORTATION WORKERS

DFl W -" DESI.RED NUMBER OF' FOOL TRANSFORTATION
W 0 R t, ER S

F-I W - I E1. F OIT, TRANSFPORT WO RKER S

.0 F'T W. K=F:[1F TW K* WA . I 62, A
[FIW -- DESIRED NUMBER OF FOOD TRANSPORTATION

WORIKERS
WA - TOTAL NUMBER OF WORKERS AVAILABLE IN THE

SYSTEM

FI'FTW, K:=FTWDI'/ ( F:'WD . CWLI+FTWL.K+FSWDi. K) 63, A
F"W. -- DEMAND FOR FOOL, TRANSPORTATION WORKERS
I FWL - DEMAND FOR IF, PRODUCTION WORKERSCWD - DEMAND FOR CAFITAL WORKERS
F7SWI - DEMAND FOR FOOD SUPPLY WORKERS

FTWCJLJT. KL.=CLI:' (0, FTWOLJA.K , DISFTW.KN ,0) 64, R
FTWOUT - RATE AT WHICH WORKERS LEAVE FOOD

TRANSPORTATION SECTOR
FTWOUA - CALCULATION FOR WORKERS LEAVING FOOD

TRANSPORTATION SECTOR
DISFTW - DISCREPANCY BETWEEN DESIRE' & ACTUAL FOOD

TRANSF'ORTAT ION WORKERS

F'T !4OLJA . K .. ISF TW. K*F WIDF 65, A
F'TWOLIA " CL.CIL AT ION FOR WORKERS LEAVING FOOD

TRANSFORTATION SECTOR
IS:IFTF1W - DI] SCREFANCY BETI-WEEN DESIRED & ACTUAL FOOD

TRANSPORT ATI ON WORKERS
FT WIIK -. [ELAY FACTI O TO TkANSFER WORKERS 10 F (D 0'

TRANSPORTATION SECTOR

F fW . 1'IF SR K/FSXF'W . K 66, A
F,"TWI - DEMAND FOR FOOD TRANSPORTATION WORI\FPS

RF:SIX: - DESIR[*I' RATE OF FOO SHIPMENT
IF SXF'W - AMOUNT OF FOOtD TRANSF'ORTE.' PER WORKFER

FSB.I=F SB. J' (Dl ) (FS3ORR.*JK'+F'FFOR., JK--FFRSR. JK-F SF: *JK\) 7, t.

FSP - BACKORIERS FOR FOOD AT 'THE FOOD SUPPLY
SI T ES

F S (.)F1 - IkAT E. AT WHICH FOOD SlFFLY ORDERS AF,:F
RECEIVED

F F1(R - RAIE OF FOO1 SUF'LY RE I Sr]T] ONED i M
Il S T IQ.

-R RAT E A T WHICH FOOL IS SHF'F'EI 10 MLET F I XFT.
RE JL I RIME NI S

S I, F,'All t7 WI CH FODII J" i [AIIF I'[
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F ~.i I\.: 11!L [.AY3 (MF SUIk Jk\ COMMII
Ct3 I T; 1 VI ) N' IH e.i 1" 1 C

V'S D'T 4 ~4 0 E3 L lS 65,U c
F SO RR - PIATE AT* WHICH FOOL] SLJF'F'LY ORDERS ARE

R, E C E Ir V ErD
hi FS0R - MAIC1ED1 FOOD' SUPPLY ORDLR RATE-

(. ( hM -COTMUNICAT ION l'EL-AY AFF ECT ING F770L1 ORDRCr~
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